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METHOD AND DEVICE FOR TRANSFERRING A PATTERN 

Field of the Invention . - 

The present invention relates to a method and a 
device for heating a substrate when transferring a pat- 
tern from a stamp to a substrate by pressing. More spe- 
cifically; it relates to a. method and -a device in con- 
nection with so-called nanoimprint lithography or hot 
embossing . 
Background Art 

The present application relates to lithography by 
pressing a stamp with a pattern into -a deformable film 
on a substrate. To allow pressing of the pattern from 
the stamp into the film, the film has to be 'sufficiently 
soft. This is usually achieved by heating the film so 
as to make it soft. This has previously been done, for 
instance, by . heating the substrate from one of its sides 
by means of a hot plate. One problem of this techni-que is 
that the heating is not homogeneous. This problem is par- 
ticularly important in connection with so-called nano- 
imprint lithography in which the structures, which are to 
be transferred are in the order of nanometers. 

PCT. application WO 01/«3361 discloses a method and 
a device for homogeneous -heating of a substrate. This is 
achieved by providing a heat -absorbing layer, which is 
arranged so that a homogeneous thermal distribution is 
obtained in the layer. The heat is subsequently transfer- 
red to. the substrate. 
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When heating a substrate in the above manner, a 
homogeneous heating is obtained over the surface of 
the substrate . Nevertheless one side of the substrate 
is heated faster than the other, which -may result in the 
substrate bending. 

If . the pattern, has. to be transferred from .the -stamp 
to the substrate with a high degree, of accuracy, it is 
.desirable to avoid bending of the substrate . Consequent- 
ly/ there is_ a need, f or a method- and a device which in a 
more homogeneous manner heat a layer on a -substrate when, 
transferring a pattern from a stamp to the layer. 
Summary of the Invention 

The present invention is intended to provide a 
method and a device which overcome* at. least one of the 
problems identified above.. 

An object - of the present invention is to provide a 
method for transferring a pattern from a stamp to a layer 
on a substrate by pressing, the layer being heated homo-, 
geneously. 

It is also an object of the .present invention to" 
provide a method for transf erring a . pattern f rom a -stamp 
to a layer on a substrate by pressing, the layer being 
heated in a fast and oontroliable manner. 

A further object of the present invention is to pro- 
vide a device for transferring a pattern from a -stamp -to 
a layer on a substrate by pressing, the layer -being «heat- 
,ed homogeneous ly . 
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One more object of the present invention is to pro- 
vide a device for- transferring a pattern from a stamp to 
a layer on a substrate by pressing, the layer being heat- 
ed in a fast and controllable manner. 

At least one of these objects .is achieved by -a 
method or a device, according to the independent, claims . 

Further advantages of the invent ion • are stated in 
the dependent claims. 

According to the invention, a method for transfer- 
ring at least one pattern in the form of a structure from 
a pressing means to a, substrate/ which, is' coated with a 
layer on at least one planar surface, is 'characterised in 
that, it comprises the following steps : connecting a power 
source over the pressing means, operating the power 
source so that a current is passed through the pressing 
means and heats the pressing means and the layer, which 
is in contact with the . pressing means, arranging the 
pressing means, which has a surface with a structure that 
defines the pattern, said pattern facing the layer, and 
pressing- the pressing means against the layer so that the 
pattern is transferred to the layer. 

Since the pressing means is heated by a current 
being passed therethrough, a considerably more.homoge- 
neous heating of the pressing means and tfee layer is 
allowed, as compared to prior- art technique. The method 
according to the invention is particularly useful in 
so-called nanoimpri*it lithography in -which the si.se of 
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the structures which are to be transferred is in the 
order of nanometers. 

Naturally, .in a method according to the invention 
the pressing means hais to be electrically conducting. 

According to one embodiment of the invention, the 
power- source is connected so as to render the current 
density in the pressing means homogeneous. This tan be 
achieved in a number of ways. The power -source being 
connected in this manner and considering the shape of 
the pressing means, it is possible " to connect the press- 
ing, means in a suitable manner. If the pressing means is 
rectangular, the power source can be connected along a 
pair of opposed sides, the power source -being connected 
along the entire side of each one of the opposed sides. 

If the resistivity increases as the temperature 
rises, the substrate will be heated in a self -regulat- 
ing manner. It is thus advantageous to make -the press- 
ing means of a material which has -a resrstivity that 
increases as the temperature rises. 

According to an alternative embodiment , the method 
further comprises the step of providing a -pressing means 
which is formed so that the current 'density in the press- 
ing means will' be homogeneous. If the pressing -means has 
the shape of a trapezoid, the pressing means is suitably 
formed so as to be thickest at the end which is closest 
to the shortest side of the two parallel -sides of the 



WO 2004/000566 



PCT7SE2003/001003 



5 

trapezoid. The pressing means is connected to the power 
source along the entirety of the two parallel sides. 

If the pressing means has an outer periphery and a. 
hole which defines an inner periphery, -the power source 
is advantageously connected between the inner periphery 
and the outer periphery. 

If a homogeneous current density in the substrate 
is desirable, the substrate is made thicker at the inner 
periphery. It is particularly advantageous to have a 
circular- symmetrical pressing means. 

.Naturally, it is. possible to connect the connecting 
means in a number of ways, also when the pressing means 
is circular-symmetrical with an inner and -an outer peri- 
phery. According to one embodiment, the power source is 
connected with the aid of two connecting; means, which 
each extend in the radial direction of the pressing 
means. 

In some cases, it may be difficult to provide a 
homogeneous current density when .the pressing means is 
irregular in shape. According to one embodiment .of the 
invention, the step of connecting the pressing means to 
a power source comprises the steps of arranging the sub- 
strate in a recess in an electrically conducting holder 
means with a rectangular outer shape, ^and connecting the 
holder means to the power source, the pressing means hav- 
ing electrical contact along its entire periphery, and 
the combination of holder - means and pressing «mean-s having 
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the same electrical properties as a rectangular plate. In 
this manner, it is relatively easy to provide a homoge- 
neous current density in the pressing -means. 

According to one aspect of the invention, a -device 
is provided for .transferring at. Least one pattern from a 
pressing means with a structure to a plate -shaped sub- 
strate, which is coated with a layer on a planar -surface, 
comprising a first holder means for receiving the sub- 
strate, a second holder means for receiving the pressing 
means, the device being arranged to apply a pressure 
between the first holder -means and the second hoLder 
means. The device is characterised in that it further 
comprises a power source for heating the pressing means , 
and electrical, connecting means for connecting the press- 
ing means to the power -source. 

According to one embodiment of the invention, the 
first holder means comprises a rectangular portion with 
a recess which is formed to receive the pressing -means, 
which portion is connected on two opposed sides to the . 
electrical connecting means and -has the -same resi-stivity 
as the substrate and which portion together with the 
pressing means forms a unit with the same electrical 
properties ' as a rectangular plate without a oseces* . 

As a result, it is relatively easy to provide a 
homogeneous current density in "the substrate . 

To avoid thermal strain in the pressing means; the 
pressing means, according to one -embodiment , i*s resi-- 
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liently connected to the power source. According to -en 
alternative embodiment, the pressing means is in moving 
contact with the connecting means to enable the pre-ssing 
means to slide in relation to the connecting means. 

It goes without saying that the different features 
of the device can be combined with each ether in the same 
way as the different features of the method can be com- 
bined with each other. Furthermore, the, /different fea- 
tures of the device are applicable to the method -and vice 
versa. 

Below various embodiments of the invention will be 
described with .reference' to the accompanying drawings . - 
Brief Description of the Drawings 

Fig. I illustrates a method according .to the inven- 
tion. 

Fig. 2 shows a pressing means with connecting means 
according to an embodiment of the . invention . 

Fig. 3 shows a! pressing means arranged in a portion 
according to an alternative embodiment of the present 
invention. 

Fig. 4 shows a pressing means according to an alter- 
native embodiment of the present invention. 

Fig. -5 shows a device according to an embodiment of 
the invention. 

Fig. 6 shows two different embodiments for connec- 
tion of connecting means to the pressing means. 
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Fig. 7 shows a further embodiment for connection of 
connecting means to a pressing means. 
Description of Embodiments of the Invention 

Fig. 1 illustrates a method according to the inven- 
tion. A pressing "means 1 is arranged on a first hol-der 
means 2. The pressing means 1 is provided with -a pattern 
3 in the form of raised portions on one of its sides. The 
pattern 3 is facing a layer 4 which is arranged on a "sub- 
strate 5. The substrate 5 is arranged on a -second holder 
means 6. A first connecting means 7 and a second con- 
necting means 8 are arranged on one side each of the -sub- 
strate 5 . 

When the pattern 3 is to be transferred from the 
pressing means to the layer, it is necessary to first 
heat the layer 4 to make it def ormable - For this purpose, 
a voltage is applied over the connecting means so that, a 
current is passed through the pressing means after the 
pressing means has been brought into contact with the 
layer. The connecting means 7, 8 are designed so that the 
current through the pressing means will "have a homoge- • 
neous density. The current through the pressing means 
causes it to be heated and the layer to -soften. By mea- 
suring the resistance between the connecting means, it 
is possible to control the temperature, so as to attain 
the desirable temperature. 

When the layer is heated to the desirable tempera- 
ture, a pressure is applied between the first holder 
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means 2 and the second holder means -6, whereby the pat- 
tern is transferred to the layer 4 . 

Fig. 2a shows a rectangular pressing, means 10 with 
a first connecting means 11 and a second connecting -means 
12 arranged on one side each of the pressing 'means 1-0. 
Each of the connecting means is in contact with the 
pressing means along the .-entire side of one of the sides 
of the pressing means, thereby ensuring a homogeneous 
current density in the pressing means. Fi-g. 2b is a 
cross-sectional view of the pressing means. 

Fig. 3 shows 'how a first connecting 'means 13 and a 
second connecting means 14 are arranged on- a portion 15 
in which the pressing means 16 is provided. The pressing 
means 16 is circular and .arranged in a circular recess in 
the portion 15 with electrical contact between the press- 
ing means and the connecting means along the entire peri- 
phery of the pressing means. The portion is made of the 
same material as the pressing means, which makes the cur- 
rent distribution between the connecting ^means essential- 
ly the same as in the embodiment shown in Fig. 2. 

Fig. 4 shows a circular pressing means 17 which is 
defined by an outer periphery 1-8 and an inner periphery 
19 which defines a" circular through-hole . ^When a voltage 
is applied between the inner and the outer .periphery, the 
current is passed radially through the pressing means . 
The pressing means 17 is thicker towards the center in 
such manner that the current ■density .will, ie constant , 
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which results- in a homogeneous heating of -the pressing 
means and thus also of the layer. As an alternative, the 
pressing means is formed so that a -desirable radial tem- 
perature distribution is obtained. -Connecting means 40, 
41 are connected; respectively, at . the inner -and the 
outer < periphery of the pressing means. 

Fig. 5 schematically shows a -device for trans'6 erring 
a pattern: from a pressing means 20 to a .layer 21 on a 
substrate 22. The device comprises a power unit 23 -whi-ch 
is connected to both sides of the pressing means 20. By 
passing a current through the pressing -means it -can be 
heated. The pressing means 20. is arranged on a first 
holder means 2 4 whereas the substrate is arranged on a 
second holder means 25. The device i-s arranged so that a 
pressure can be applied between the two -holder means .. The 
device also comprises a power source 26, which is intend- 
ed to be connected to the pressing means . 

Fig. 6- shows two different embodiments of the con- 
nection of connecting means to a pressing -means . Fig. 6a 
is a cross-sectional view in which a pressing -means 30 
is arranged in contact with a carbon -path 31. The press- 
ing means ^3 0 rests on the carbon path 31 and can slide 
towards the carbon path in the direction of the arrow 3-6. 
Fig. 6b shows an alternative 'embodiment in -which a press- 
ing means 3 2 is connected to a connecting means 33, *which 
comprises a resilient portion 34 that allows motion in 
the direction of the arrow 3 S . The embodiments siiown in 



WO 2004/000566 



PCT/SE2003/001003 



ii 

Fig. 6 are merely exemplifications which can be applied 
in the area between the connecting means and the pressing 
means in one of the embodiments previously ^described . 

Fig. 7 shows yet another -embodiment of how the 
pressing means 3 7 can be connected to connecting means. 
In Fig-. 7 both the pressing means 37, 36 . are radially 
connected from the inner periphery 3 9 to the outer peri- 
phery 40 . 

The above embodiments are only to be understood 
as examples-. It is, of course/ conceivable to vary the 
embodiments described . in . a number of ways within the 
scope of the claims. 

It is not, for instance, necessary to transfer only- 
one pattern to the substrate. It i*s feasible to arrange a 
layer and a pressing means on each side of the ?subst*rate . 
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